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Abstract: The knowledge of future long-term sandy shoreline evolution is
necessary for sustainable coastline management. However, the impact of sediment
transport due to headland sand bypassing is not yet well addressed in shoreline
models. This work aims at implementing a parametric expression for sand bypassing
in the reduced complexity shoreline model LX-Shore. The parametrization of the
wave-forced sediment bypassing around an isolated headland developed by
McCarroll et al. (2021) is implemented. Considering an idealized configuration of
a 300-m long, initially straight, sandy coast with a rectangular headland, results
show that headland sand bypassing has a substantial impact on the downdrift
(updrift) erosion (accretion) pattern and magnitude. Our simulations imply that
taking into account bypass transport in long-term shoreline models such as LX-
Shore could provide new insights into coastal embayment changes.

Introduction

In a context of significant demographic growth and expected increase in beach
erosion and shoreline retreat (Vousdoukas et al., 2020), it is critical to better
understand and predict sandy coasts evolution in order to provide sustainable
coastal management. Over the last few years, reduced-complexity models such as
LX-Shore (Robinet et al., 2018) or CoSMoS-COAST (Vitousek et al., 2017) have
been developed to predict long-term (years-decades) shoreline evolution of wave-
dominated sandy coasts with low computing times. Nevertheless, the impact of
sand bypassing, defined here as sediment transport around natural headlands or
anthropogenic groins, has been scarcely addressed using shoreline models.
According to Goodwin et al. (2013), this phenomenon greatly influences the
evolution of sandy coastlines at large time scales. It can create sand spits at the
tip of the obstacles or contributing to the rotation of embayed beaches, which
represent 50% of global coasts (King et al., 2021). Recently, improved and
generic sediment bypassing parametrizations have been proposed (King et al.,
2021; MccCarroll et al., 2021), which are compatible with the reduced-complexity
shoreline modelling framework.
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LX-Shore (Robinet et al., 2018) is a one-line shoreline model which showed good
hindcasting and predictive skills for many types of wave-dominated sandy coasts
(Robinet et al., 2020; Montafio et al., 2020). However, so far it did not accurately
reproduce the effects of sediment transport around headlands, which was only
active when the shoreline reached the tip of the obstacle (Castelle et al., 2020). In
the present contribution, the parametrization developed by McCarroll et al. (2021)
is implemented in LX-Shore, and the effects of headland sand bypassing on
shoreline dynamics updrift and downdrift of the structure are addressed
considering an idealized configuration of a straight beach with a rectangular
headland.

Methods
The LX-Shore model

LX-Shore is a two-dimensional planview cellular-based model. It allows to
simulate sandy shoreline evolution on time scales ranging from hours to decades
with reasonable computing times (Fig. 1.a, Robinet et al., 2018). The model can
be used for many sandy shorelines geometries (e.g. sand spits, islands) and can
handle the presence of non-erodible areas (Fig. 1.a). LX-Shore is based on a one-
line approach which considers sediment transports due to both longshore and
cross-shore processes (Fig. 1.b).
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Fig. 1. Overview of the LX-Shore features showing (a) a schematic planview of the model structure
and processes at work with (b) locations where longshore and cross-shore transports are calculated

(adapted from Robinet et al., 2018). (c) Schematic representation of the numerical implementation
of bypass transport around a rectangular rocky headland

In this study, cross-shore sediment transport is switched off in order to focus on
longshore transport and the effects of headland sand bypassing, while longshore
sediment flux (Qing) IS computed at the interface of the cells through the
Kamphuis (1991) formula. Sediment fluxes are translated in terms of variation of



a sediment fraction F, ranging from 0 for water cells to 1 for sandy cells,
calculated in a grid composed of squared cells. At each time step, the shoreline
position is computed, based on this updated fraction F.

Implementation of the bypass parametrization in LX-Shore

MccCarroll et al. (2021) show that the wave-forced sediment bypassing around an
isolated headland is mainly controlled by the ratio between headland cross-shore
extent Xy and surf zone width Xs, taken as distances from the shoreline next to
the headland (Fig. 1.c). Bypassing sediment flux Qoypass (M3/s) is then
approximated as a function of Qiong and X /Xs:

Qbypass = Sign(A)plAz + p,A4, (1N

with
o (¥m)2
A= Qlonge I(XS) (2)

where p1, p2, b1 and b, are coefficients adjusted by calibration.

This parametric expression only applies if 0.5 < X /X < 3.

Indeed, if Xy /X5 < 0.5, i.e. when the obstacle is smaller than half the surf zone,
it is assumed that the headland doesn’t affect the longshore sand transport and
Qbypass = Qlong-

On the contrary, if Quypass < 10 m3/s, which likely occurs when X, /X, > 3 and/or
during low energy conditions or for nearshore normal waves, it is assumed that
the longshore sand transport is blocked by the headland and Qpypass = 0.

This parametrization has been implemented in LX-Shore considering an idealized
configuration with a rectangular headland (Fig. 1.c). The rocky cells are identified
differently depending on whether they are on the sides or on the top of the
headland. When the last sandy shoreline cell before a side cell of the obstacle is
encountered, it is defined as a root cell, i.e. the sandy cell from where the sand
bypasses the headland (Fig. 1.c). The sediment flux leaving this cell is then
calculated with Qpypass, and the sand is sent to a virtual sediment stock located in
the associated head cell at the top of the rocky headland. Using the alongshore
transport rate Qiong, this sand transits alongshore as a virtual stock in the top cells
of the headland, and is finally transferred to the other side of the obstacle.

Simulation set-up
The model set-up consists of a 300-m long straight beach interrupted by a

rectangular rocky headland (Fig. 2.a). The simulations presented here were
performed over a 10-day period, with a 2-hour constant time step and a grid cell



size of 10 m. Periodic lateral boundary conditions were implemented, i.e. the
sediment fraction leaving the simulation domain from the left boundary re-enters
the domain from the right, and vice-versa. The water depth h along the cross-
shore axis was retrieved at each time step using an equilibrium Dean profile
(Dean, 1991) given by h=adP where d is the distance offshore from the shoreline,
a =0.25and b = 0.67 for the sandy profile, and a = 0.2 and b = 1 for the rocky
profile. The depth of closure D¢ was set arbitrarily to 5 m. Offshore waves used
in the simulation were characterized by a significant wave height Hs of 0.8 m, a
peak wave period Te of 8 s and a random peak angle of incidence dp normally
distributed around 35° with a standard deviation of 5°. Breaking wave parameters
were then computed along the coast with the direct formula of Larson et al. (2010)
combined with a shadowing procedure so that waves are not computed and no
sediment is transported in areas protected from waves by the headland
(shadowed).

Results

Figure 2 shows the results of the two simulations performed with the identical
wave conditions described above, with bypass transport module switched on (Fig.

2.c) and switched off (Fig. 2.b).
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Fig. 2. Results of LX-Shore simulations. (a) Initial shoreline at t=0. (b) 10-days simulation without
sediment bypassing. (c) Same simulation with the new implementation of the bypass
parametrization in LX-Shore

For a 10-day simulation, the sediment bypass implementation in LX-Shore results
in a less pronounced accretion updrift, and a less important erosion downdrift.



Figure 3 shows timestacks of the cross-shore shoreline position with the bypass
switched on (Fig. 3.b) and switched off (Fig. 3.a). Both panels show longshore
extension of the headland influence of about 50 m after 10 days, for changes in
shoreline positions of about tens of meters (accretion updrift, erosion downdrift).
The maximum evolution updrift is located along the headland (last cell before the
headland), while the maximum evolution downdrift is located a bit further (few
cells downdrift of the headland). Finally, when sediment bypass is switched on
(panel b), there is a thin area located directly downdrift of the headland where
accretion occurs: this illustrates the effect of bypassing which allows sediment to
go downdrift of the obstacle. When bypass is switched off (panel a), the shoreline
is stable in this area. This is due to the combination of wave obliquity and the use
of a parametric shadowing formula resulting in rare occurrences and/or low
values of outgoing longshore sediment transport.

To better quantify the impact of sediment bypass, the timestack of the differences
between the cross-shore shoreline positions of the two simulations is analyzed
(Fig. 3.c). First, the longshore area of influence of activating the sediment bypass
reaches about 50 m from the headland updrift and 20 m downdrift. To estimate
this area of influence, a shoreline position difference threshold of 0.5 m was
considered. Second, the effect on the shoreline position itself is such that after
only 10 days of reasonably low-energy obliquely incident waves, erosion
(accretion) downdrift (updrift) is reduced by nearly 12 (6) m.

Figure 3.c also shows that the effect of switching on the sediment bypass is not
linear in time: it has no impact during the first day, while there is a rapid increase
in the differences during the next 3 days, and finally it seems to reach a
stabilization phase near 10 days. This soft temporal evolution (little variability)
suggests a balance over the time between (1) decreasing longshore sand transport
potential due to updrift clockwise shoreline rotation and (2) increasing degree of
sand bypassing due to progressively decreasing X /Xs.
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Fig. 3. Timestacks of cross-shore shoreline position (a) when bypass is switched off, (b) when
bypass is switched on. (c) Timestack of the difference between shoreline positions (modelled
shoreline when bypass switched on minus modelled shoreline when bypass switched off)

Conclusion

A parametric expression of wave-forced sediment bypassing was implemented in
a reduced-complexity shoreline model, LX-Shore. Results on an academic case
show that headland sand bypassing can have a substantial impact on the
erosion/accretion patterns close to the headland. We anticipate that taking into
account obstacle sand bypassing in long-term shoreline evolution models such as
LX-Shore will improve our understanding of sandy coastline response, including
mean embayment planshape and rotation signal of embayed beaches. Further
analyses will focus on applying this new version of LX-Shore on embayed
beaches and studying the spatio-temporal modes of shoreline variability in
presence of sediment bypassing.
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